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PREFACE. 



Ever since I entered tke profession of Engineering, which 
is now twenty-four years ago, I have always had one fixed 
idea, that if the parallelogram of forces were applicable in 
solving the strains on any one structure, it should be equally 
applicable in the solution of others, the only difficulty being 
how it should be applied; and the late Professor Clark 
Maxwell has by his system of the closed polygon greatly 
contributed to this result. 

As I have never seen or heard of any work wherein 
the solution of the arch was arrived at purely by the 
parallelogram of forces, I am tempted to submit the result 
of my researches in this direction to the profession, and at 
the same time to acknowledge my indebtedness to the 
following authors: to Professor Fleeming Jenkin for his 
pamphlet, which first gave me the idea that the primary 
object to be sought for in the arch was the "horizontal 
thrust," and to Mr. Stoney, for his theory as to the trans- 
mission of the thrusts through the crown of the arch. 

A. S. H. 
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On the 13th of December, 1869, Professor Fleeming 
Jenkin read a paper before the Eoyal Scottish Society of Arts, 
Edinburgh, on "Braced Arches and Suspension Bridges," 
which paper he afterwards reproduced in the form of a 
pamphlet. He therein says : — " Few engineers are aware of 
the difficulty of calculating the strains on a stiff-arched rib 
held between abutments." 

However, he then proceeds by a method, to which he 
acknowledges his indebtedness to the late Professor Clark 
Maxwell's paper, which was published in the " Philosophical 
Magazine" of April, 1864, and arrives by laborious calcula- 
tions at the values of the horizontal thrusts for each load, 
which he calls H, and by adding these together, then laying 
down the total horizontal thrust, and applying Professor 
C. Maxwell's system of closed polygons,* arrives at the 
strains on the different parts of the arched bridge. 

Now the object of the present treatise is to arrive at 
these strains graphically, and the horizontal thrust will be 
represented by the letter T throughout instead of H. 

In Mr. Stoney's book, " Theory of Strains," he gives an 
example of a similar arch, Fig. 1 ; and he argues that the 
direction of the thrust for a load, on either side of the 
centre of the arch to the furthest abutment from the load, 

* For the information of those readers of this work who are unacquainted 
with the late Professor Clark Maxwell's method of working out strains by 
his system of the closed polygon, the Author begs to refer them to the 
Professor's own works, or to an excellent treatise of the Chatham course, 
entitled " Instruction in Construction," by Col. Henry May, C.M.G., R.E., 
in which the method is fully explained. 
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must pass through the crown of the arch. Or that it must 
be assumed that the lower flange is not continuous across 
the crown of the arch, but that the structure is hinged at 
the crown or point W4, Fig. 1 

Fig.l- 




He then proceeds, by working down these diagonal thrusts, 
and with the reactions at the piers, to obtain the strains on 
the arched bridge. 

It then occurred to the Author that if Mr. Stoney's 
theory were correct, he should be able, by setting up the 
proper reactions at the abutments, on these same diagonal 
thrusts, obtain the thrusts T for each abutment, and which 
thrusts must of necessity he equal, or else the arch would move 
sideways. Then, having obtained these, and applying 
Maxwell's method of closed polygons, he would arrive at 
the strains on the different portions of the arch, which he 
did with the most happy result, as his strains agreed with 
Mr. Stoney's. 

Mr. Stoney is, however, perfectly warranted in his theory 
as to the manner of the transmission of the strain ; for the 
law holds good just the same for girders with parallel booms 
and for bowstring bridges, or any girder where there is a 
horizontal tie performing the function of the abutments in 
an arch. 

Take, for example, a plate girder, say 100 feet span, 
10 feet deep, loaded with one ton per foot run ; the load 
assumed to be on top and distributed as shown, Fig. 1, 
Plate I., there would be 10 tons at each point, ~ W. Then 
applying Mr. Stoney's theory that the strain must pass 
through the crown at centre, draw the diagonal AE 2 ; draw 
a perpendicular from the load W4, cutting this line in B, 
and join BR 2 , next setting up the vertical reactions which are 
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in this case -J-J- W 4 = Iti x on Rj, and ^_ W 4 = RjZ on Ra ; 
then drawing the horizontal lines, T x and T 2 , they will be 
found each equal to 12*5 tons ; next taking out the hori- 
zontal thrusts for each load in a similar manner, we can 
write them down thus : — 

WW XJ& xgr xgr xjff xjff xwr xwr nr 

! W, . W, W 4 Vf 5 Vf 9 W r W $ Vf 9 W 10 

T 1 orT,= 2'5 7*5 125 175 22*5 225 175 125 75 25 

which added up together^ gives T = 125 tons, and is the 
total horizontal thrust or strain at the centre of the girder. 

WL 

Check this by the old formula -^-^ for an equally dis- 
tributed load ; substituting values there results 

100 tons x 100 feet 



8 x 10 feet 



= 125 tons. 



To check by calculation the above values for T x or T 2 , 
with the load at any point, is easily done by the formula 

^ ', where W = the weight, a = £ span, b = the 

distance of the load from the centre of span, and r = the 
rise or depth at the centre. 
To prove the above, and show that T x = T 2 , 






Fig . 2 . 
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Let A B C D, Fig. 2, be a girder or beam, 
2 a = the span A B, 
r = the rise or depth at centre, 
I = the distance of the load from centre, 
W = the load or unit of weight. 
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Then by similar triangles 

T x : Bi : : a — b : x and x : a + I : : r : a, 

• * Xl " r (a + 6) w 

also T 2 : Rj : : a : r, 

.••T, = ^- a (2) 

but Bi = — ; substituting this for the value of Rjin 

equation 1, there results 

_ W(a + &)(a-&)0 T _ W(a-») . 

11 "" 2ar(a + l) ° Al " 2r ' 

W (a — 5) 
again R2 = — 7s substituting this for the value of R 2 

in equation 2, there results 

w^-*)« orT2 = w( r &) 

2ar 2 r 

Hence T, = T 2 = W £ ~ »> . 

2 r 

Which stated in words is, that any weight multiplied by the 
distance from the nearest abutment, and divided by twice 
the depth or rise in centre, will give the strain or horizontal 
thrust through centre. 

Next suppose a bowstring girder be taken (Fig. 2, Plate L), 
80 feet span, 10 feet deep in centre, loaded with one ton per 
foot run, and assume that the load of 80 tons is distributed 
so that there shall be 5 tons on each apex at the intersection 
of bars on the bow or compression-beam. 

Then take out the strain for the single load, W 6 , by 
Maxwell's diagrams, Fig. 3, Plate I., and then calculate the 
horizontal thrust (T) at centre by the formula given above, 
T = 7 • 5 tons ; lay down this thrust on the diagram, and it 
will be found that the figure of polygons turns on the 
point X, and that by dropping a perpendicular from this 
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point on to the two compression-bars, A and A' in the 
diagram of strains (and the space between which gives the 
strain on the vertical (1) at centre), the diagram could have 
been worked backwards from the points so obtained to the 
abutments. Similarly, if first the strains are obtained by 
Maxwell's diagrams for the girder fully loaded as shown, 
Fig. 4, Plate I., and then calculate the horizontal thrust for 
the girder fully loaded, T, the total horizontal thrust will be 
obtained equal to 80 tons. Laying this down (xy) on the 
diagram, it will be found that the polygons turn on this 
point x, although the strain on the centre of tension-beam of 
the girder is a trifle less. 

Having shown by the foregoing that the horizontal thrust 
holds good for the bowstring bridge, it is only natural to 
suppose that it should hold good for the arch, as the bow- 
string is simply an arch having the horizontal thrust met by 
the tie, which in the arch has to be done by the abutments. 
Again, in the bowstring the bow is kept in position by the 
bracing, whereas in the arch this stiffness has to be obtained 
by the extrados and intrados of the arch-ring, and the 
bracing between them. 

In the next chapter it will be shown how, having obtained 
the horizontal thrust, the strains on every part of a braced 
iron arch are to be arrived at. 
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CHAPTER I. 



THE ARCH. 

Example L 

Take a semicircular arch, 80 feet span out to out, because 
the arch differs from the girder in this respect, that in the 
girder the span is taken as between the points of support, 
whereas in the arch the points where both the reaction of 
the load and the horizontal thrust of the abutments act 
must be taken. Let it be 8 feet deep (this is excessive, but 
was done for the sake of the diagrams of strains), with 
parallel extrados and intrados, and braced as shown on 
Fig. 1, Plate II., with the diagonals in black lines, loaded 
at each apex with one ton, and firmly held at the points of 
support, Hi K 2 . 

Then proceed to measure or calculate the distances of the 
various loads from the centre, so as to obtain the reactions 
and horizontal thrusts, which may be obtained either 
graphically or by calculation (the latter preferred), as given 
at page 7. 

They may then be written down thus : — 





Distance from centre 


. Tj or T, 


»i 


B, 


w, 


39*23 


0-009625 


0-990375 


0*009625 


w, 


36*95 


0- 038125 


0*961875 


0- 038125 


w, 


33*26 


0-08425 


0-91575 


0- 08425 


w 4 


28*23 


0- 147125 


0-852875 


0- 147125 


w, 


22*22 


0*22225 


0-77775 


0*22225 


w, 


15-30 


0*30875 


0-69125 


0-30875 


w, 


7-80 


0-4025 


0-5975 


0*4025 


w. 


Nil 


0-5 


0-5 


0*5 


w, 


7*80 


0*4025 


0*4025 


0-5975 


W 10 


15-30 


0*30875 


0-30875 


0-69125 


w„ 


22*22 


0-22225 


0-22225 


0-77775 


w„ 


28*23 


0- 1471 25 


0- 147125 


0-852875 


w„ 


33*26 


0*08425 


0*08425 


0-91575 


w„ 


36-95 


0-038125 


0- 038125 


0-961875 


w„ 


39-23 


0*009625 


0-009625 


0-990375 



Total horizontal thrust T = 2-92525 
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Having obtained the total horizontal thrust for the arch 
loaded with one ton on each apex, next proceed to take out 
the strains for the arch, Fig. 1, Plate II., as shown with the 
diagonals in black lines, leaving out those in dotted lines. 

To any scale of parts lay down this thrust T, as shown in 
Fig. 2, Plate II., and at right angles from this line lay off 
the loads, putting half of W 8 each side of the line, it being 
a central load (only half the figure is shown in the diagram, 
as the other half for the other side of the arch would be 
simply a repetition, only upside down), and set out the 
remainder of the loads. 

Then, by applying Maxwell's diagrams, and working from 
the horizontal thrust and the weights already laid down, the 
strains on every bar are arrived at when the arch is fully 
loaded with one ton on each apex. The letters and figures 
on this diagram of strains correspond with those on the 
sketch of the arch, Fig. 1. These strains are given in the 
last column of Table I., but the body of the Table has been 
compiled by taking each load out separately, and the method 
of working them out is shown by Diagrams 1 to 8, Plate III., 
to which reference will be made hereafter. 



a 

CO 



J 



pa 



" + 



CD CO X CO CO 

R cm 



e -h © 

_- « x x to eo 

aoi-ii-icc*-ooo»« 

• *>•••••• 

■O^COCHCMMCCIC* 

++++++++ 



II 



s 

OH 



neoee<« 
o o <m o © 

I I I I I 




fl» rH CO 00 ■* 

>0HAt>C< 

+ + + + + 






CO 



« 



* 






^ 



eo 









•w 

* 



00 



e» 



oooooooo 
oooooooo 



o o o 
+ I I 



© © © © 
I I + + 



•HCftcot-cjoi-ix 
oooooooo 
oooooooo 
+ I I I I I + + 



toocnxwocoio 
e*C*'«iO-«C4C4X 

ooeoooo© 
oooooooo 

+ I I I I I + + 



MCD-^O-^-tCMCO 

'♦naooaocj'*'* 
ooo^oeoi-i 

• •••••■• 

ooooooo© 

+ I I I I I + + 



COOC0C9.C0C4C0-* 

50HHHOON 

©ooooooo 
+ I I I I I + + 



C4OOCO-«COXC0 

§*- *- © *- *«■ 00 © 
oHdHoon 

• ••••••• 

ooooooo© 
+ I I I I I + + 



oN'-coooteaote 

N««t-N«HO 

• ••••••• 

ooooooo© 

+ I I I I I + + 



c*-*c*©-*^xe<i 
•ei-nt-co*-^-**© 

HHOlrtUHHlO 
• ••••••• 

oooooooo 

+ I I I I I + + 



N0000O-*00(D« 

• ••••••• 

ooooooo© 

++++++++ 



©eot-eooco*-© 

• ••••••• 

OOOOO-HOO 

++++++++ 



aoo^cooo'*^'* 

OOOfHfH©©© 
++++++++ 



oo^aoioteotDV 

• ••••••• 

©Oi-li-l©©©© 

++++++++ 



CNt-lOMCO^iOX 
Cft©C0-'*CO«»-l© 

• ••••••• 

OrHi-HOOOOO 
+ + + + + + + + 



C0"*iOC0i-i0»C^00 

Honaifiot>eo 

OjNNHHhOO 

• ••••••• 

f-IiHOOOOOO 

++++++++ 



COAXOOXNQOA 

oooooooo 

• ••••••• 

-H o o o o o oo 

++++++++ 



WOfaWQy 8Q«iJ 



o co co 

■♦ •* w 
~h o o 

• • • 

neon 
+ + + 



o co o co 

-* o » © 

• ••*>* 

NHOO 
+ + + + 



00 CO -4 «- M ■-• «- 

«ooieoot»e 
H«nt>oan 


© 


o ih ** w ■■* ** 


1 


1 1 1 1 1 1 



co o» t- 

00 ■* M 
« CO C* 

• • • 

+ + + 



w © p* eo 

00)«Oh 

« co co io 

• • • • 

+ + + + 



ooioa 

OHH 

o o © 

• *> • 

o o o 

+ + + 



H«iA9 
W »H ^ © 
© O © © 

• • • • 

o © © o 

+ + + + 



eo k»*- 
o o o 



+ + + 



o «o O CO 

ao t- io CO 
© © © © 

• • • • 

© o © © 

+ + + + 



■* r-t CO *- CD *H ■* 
«- CO CD *• CD CO •- 

O i-H <-H i-H I-H I-H © 

OOOOOOO 

+++++++ 



oxoooooon 
co c4 co ^ 0> c4 co 

H«N«MP1H 

• •«•••• 

© © o © © © © 

+++++++ 



co « ■># co ■># x* co 

Cft ■* CO CD CO ** » 

i-i co ■*■ •* ■* eo ~* 

• •••••• 

© © © © © o © 
+++++++ 



■* ©■***■># CO ■* 
t» CO ©•*©*- *- 
C4 * CD CO CO •* CH 

• • . • • • • • 

OOOOOOO 

+++++++ 



CO X ■* X CO ■* ■* 
lOHXCOWNlO 
CO CO *- » *- CD CO 

• •••••• 

© © o © o © © 

+++++++ 



■* © © © © © © 
H" *- «- *• *- *- X* 
«t>o>oeAi<4 

• ••*••• 

O O © rH O © © 

+++++++ 



•* •* CO O CD Tfl ■* 

eo in r-* io ■* *•* co 

CO tO CO to CO © ^ 

• •••••• 

ooooooo 

++++++ I 



3 



-* « CO CO ■* ■># 

. « t- 1* as ** co 
e*. co cm © « t» eo 

• •*•••• 

ooooooo 

+ + + + I I I 



CN 00 O CO © (N CO 

■«• e* ■* io i-H tH co 

HHonaoiod 

• •••••• 

© © © o © © o 

+ + I I I I I 



« co x* co e» x co 

co •*« ~* eo co co »a 

O O CO*- tO CO i-H 

• •••••• 

© © © o © o © 

+ I I I I I I 



isao^oovH 
ooo^noan 

OHIO^COHO 

• •••••• 

© © © © © © © 
I I I I I I I 

ONNHHOO 

• •••••• 

o © © o © o © 

I I I I I I I 

(O^HODiOMe 
X *- © "* CO CN -H 

© © o © © © o 

• •••••• 

© © o © © © © 

I I I I I I I 



ui jS£o^o> 



PQ 



ctAnHoaoA^igoHA^iate^'o 
S!?222? lONN »"OxxN»rt 

Xt>MnOiat<QHHHOt>XNii 


C«-Hl-l©0©O^H 

+ 1 + 1 ++ 1 + 


HHHOOOQO 

1 + 1 + 1 + 1 + 


«£2icogj»e««-H^i«e»«-e»«-© 

Axnetc)t>ioHioAHoei)xioeA 
■-ix*-*-i-iiHcoeo»io©c»iH-H©-* 


OHOOHOHOHO«OMH«0 

i i i r i i i i i i i i i i i i 


(-•Ht-ioej^toecoieeoeoxioeoo 

OiHCA *HI-iOC0"Ot-eft»P5Xt-C» 



e0©iH©i-HO©pHI©rH©FHiHFHiH© 
++++++++++++++++ 



»h »- c» •«* io dco«ioiot-e>XHci 

•H©000©©©©0©OOi-l© 

ooooo^oooooooo©o 
ooooo ooooeoeoe© 
+1+1+ ++I+I+I+M 


0x«4HHt-O0oo(O4«er< 
■*Nci}H«ooHONNnnn-*o 
oooooooooooooooo 

000000000900000© 

+I+I+I++I+I+I+I 1 


'Hi-IWCIt-COOCOlO-**-©'"*!!-!©© 
©CD*-C0T|lOi-i«i-t-*-*CD*-«-©i-l 
i-lOOQOOOQQOOO©Oi-IO 

oooo©ooooooo'ooo© 

+ I + I + I++I + I + I + I 1 


COO«TfiC<I-*X©COXCN'*OTfiX© 
*>OCO>OXOCH'«C»<-XOCOC4t-eO 
•Hr-4iH©00©0000pHrHi-lpH0 

©OOOOOOOOOOOOOOO 

+ I + I + I++I + I + I + I 1 


COCHX?4'*CO'4<OC4.CDC4XCOCOC0CO 

«oaxNo<f««Hciiooixia<« 

NHHOHOOOOHHHHHNO 

©0©©0©00©0©0000© 

+I+I+I++I+I+I+I 1 



XN^4<OOXttlP4oXtOC1^^ 
OCI^Hl«wiOXK)Xl«C4N(0t<(0 
MNNHHOOOOHHNNNWO 

OOOOOOOQOOO©OQOO 

+I+I+I++I+I+I+I I 



MOXX^NXXiiNOONOnO 
X»i0«Mi-lt>OI>HN9)(O^XX 

■^•Neo^e«©©iH©««c<eoeo^i© 


©OOOOOOOOOOOOOOO 


+I+I+I++I+I+I+I 1 


«4<«ii<#XX^M0ii»0000 

etco^xNHanottotoa^cioo 
lon^HNOOHONNn^^fo* 


000000000©0©0000 


+I+I+I++I+I+I+I+ 


ntooxo^xto^vnnocixo 
lor-xoo^xt-f-t-io^i-it-xx 

•♦ClOliHiHOO-HNN^COOeOUS© 


OOOOOOOOOOOOOOOO 


+ 1 + 1 ++ 1 + 1 + 1 + 1 ++ 1 


4j<#«oo«««cioon«4^4 
Hcipin<-o«5Hio««NHiaio<e 
nHHooHno<#ciocoiO'4i<#o 


OOOOOOOOOOOOOOOO 


+1+1 I+I+I+I++I+I 


nxvQo^Nxcmon^oce^ce 
OiHHnntoo itx^ o o o *- w « »* 
hhoonh^i crco eo ^ ^< eo co co © 


©OOOOOOOOOOOOOOO 


+1 I+I+I+I++I+I+I 


XK5r)lO(OHNX^rtX(O^HHM 
OOHH(i)c>iOONnMCI«NC<IO 


OOOOOOOOOOOOOOOO 


+1 I+I+I++I+I+I+I 



©^•xooe^coeit-oeMeocNcococo 

OONH'fNHMHHHHHHHO 



OOOOOOOOOOOOOOOO 


I+I+I++I+I+I+I+I 


(Oce^fxoNHOH»ac«e(ei» 

t><4 l NX(PONat<X(0X0OlOO 
©OCO-HOfHOOOOOOOOOO 


OOOOOOOOOOOOOOO© 


I+I++I+I+I+I+I+I 


»H<ottt>Nooniioo(<i>«44jn 

HJ»H«HNrtf»HNHHHHHO 

•hoooooooooooooo© 


OOOOOOOOOOOOOOOO 


I++I+I+I+I+I+I+I 



(OiO'H'nNrtoaoof-teio^MfiH 



THE ARCH. 13 

Example II. 

Take next this same arch as in Example I., but instead of 
taking it out with one ton on each apex, suppose that there 
are 16 tons equally distributed over the whole arch, or that 
it carries 0*2 ton per foot run of span. This would both 
alter the weights at each apex, and also the horizontal 
thrusts. 

Working out the weights at • 2 ton per foot run horizon- 
tally, the values of the units W and the horizontal thrusts 
would be as follows : — 







Tj or T, 


w, 


0-305 


0- 00293 


w 2 


0-597 


0-02276 


w, 


0-872 


0- 07345 


w 4 


1106 


0- 16274 


w 5 . 


1-295 


0-28761 


w a 


1-442 


0-44522 


w 7 


1-53 


0-61582 


w, 


1-56 


0-78000 


w 9 


1-53 


0-61582 


w I0 


1-442 


0-44522 


w„ 


1-295 


0-28761 


w 12 


1106 


0- 16274 


w 18 


0-872 


0- 07345 


w 14 


0-597 


0- 02276 


w 15 


0-305 

Thrust T 


0-00293 




= 4-00106 



Laying this thrust T down, Fig. 3, Plate III., and setting up 
the units of these loads vertically, as in the previous example, 
the diagram of strains for the arch with an equally dis- 
tributed load of 16 tons is obtained ; the values of which 
are : — 









EXTRADOS. 








On A 
402 


B 

402 


C 
3-78 


D E 

3-32 304 

Intrados. 


F 
314 


G 

3-87 


H 
5-44 




Q 

0-38 


P 
1-42 


O N 
2-82 416 


M 

496 


L 
4-74 


K 

314 
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Bars. 

12345678 
+0-76 -051 +1-12 -1-40 +1-70 -190 +192 -182 

9 10 11 12 13 14 15 16 
+1*62 -107 +0-74 +0*28 -0*68 +2*16 -234 +428 

The above values are measured from the diagram, although 
they can also be arrived at by drawing a diagram for each 
separate load, or by taking the values in Table I. and multi- 
plying them by their proper units for each load. 

Example HI. 

Next proceed to take out the same arch under the same 
conditions as in Example I., that is with one ton on each apex, 
retaining the radial struts, but leaving out the diagonals in 
black lines, and substituting those shown in dotted line?. 
As in Example I. there will be the same reactions and 
horizontal thrusts, therefore it is needless to recapitulate 
them. Neither is it necessary to explain the diagram, 
Fig. 4, Plate II., which is similarly arrived at as in Example I., 
and elucidates itself, the results being tabulated in the last 
column of Table II. 

Example IV. 

Fig 5, Plate II., shows the diagram of strains for the 
arch with the diagonals in dotted lines, but the load equally 
distributed at 0*2 ton per foot run, as in Example II., and 
therefore the same weights and thrusts are applicable in 
this case ; the strains being — 

EXTRADOS. 

OnABCDEFGH 
3-71 318 2*61 226 241 311 514 797 

Intbados. 

Q PONMLKJ 

00 0-38 1*42 2-82 416 496 474 314 

Bars. 

123456789 
Nil +0-51 -0-31 +1-40 -0-77 +190 -0-88 +1*82 -0*55 

10 11 12 13 14 15 16 17 
+ 1-07 +0-15 -0*28 +1-14 -2-16 +2-25 -4-28 +322 
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Now in Examples II. and IV. are given the strains for 
two similar arches, each loaded with 16 tons equally dis- 
tributed, or with 0*2 ton per foot of span, but with different 
diagonal bracing; in Example II. the diagonals in black 
lines were taken, in Example IV. those in dotted lines. 
Then to get the strains on this arch shown, Fig. 1, Plate II., 
loaded equally with 16 tons and doubly braced, add together 
the results obtained in Examples II. and IV., and divide 
the results by two, which can be written down thus : — 











EXTBADOS. 












A 


B 


C 


D 


E 


F 


G 


H 


Ex.2. 


4*02 


402 


3-73 


3-32 


304 


314 


3-87 


5*44 


Ex.4. 


3-71 
7-73 
3*86 


3-18 
7-20 
3-60 


2-61 
614 
307 


2-26 
5-58 
2-79 

Intbados. 


2 41 
5-45 
2-72 


311 
6-25 
312 


514 
901 
4-50 


7-97 


-t-2 


13-41 




670 








Q 


P 


O 


N 


M 


L 


K 


J 


Ex.2. 


0-38 


1 42 


2-82 


4-16 


4-96 


4-74 


314 


Nil 


Ex.4. 


Nil 


0-38 


1-42 


2-82 


416 


4-96 


4-74 


314 


-5-2 


0-38 


1-80 


4-24 


6-98 


912 


9-70 


7-88 


314 




0-19 


0-90 


2 12 


3-49 


4-56 


4-85 


3-94 


1-57 



Bars. 

123456789 
Ex. 2. +0-76 -0-51 +1-12 -1*40 +1-70 -190 +1-92 -182 +1-62 
Ex. 4. Nil +0-51 -0*31 +1*40 -0*77 +1-90 -0-88 +1-.82 -0-55 



-5-2 +0'76=f0*51 +0-81 =pl*40 +093 =pl-90 +104 =pl-82 +107 



Black lines ,-0-25 -070 -0*95 -0*91 

Radials+0-38 +0*40 +0*46 +0*52 +0*53 

Dotted lines +0-25 +0*70 +0*95 +0-91 

10 11 12 13 14 15 16 17 

Ex. 2. -1-07 +0-74 +0-28 -0-68 +216 -2-34 +4-28 Nil 

Ex. 4. +1*07 +0*15 -0-28 +1*14 -2-16 +225 -4*28 +322 

— ^— — __^__ ___ _ ____. «^^__ ^^_^__ ___ «____ 

-5- 2 =Fl'07 +0-89 ±0-28 +0*46 ±2*16 -0-09 ±4-28 +3*22 

Black lines -053 +0*14 +1-08 +2*14 

Badials +0-44 +0*23 -004 -161 

Dotted lines +0-53 -0-14 -1-08 -2-14 



THE ABCH. 17 

It will be noticed, by looking at Tables I. and II., and 
also the results above obtained for the arch equally loaded, 
that in taking out the arch with the diagonals in black lines, 
as in Examples I. and II., the bars J and 17 are, superfluous 
bars, whereas in the arch, as in Examples III. and IV., 
with the dotted diagonals, the bars 1 and A are superfluous 
bars. It will also be noticed, by the above tabulated strains 
on the bars, by comparing Tables I. and II., that the 
diagonals in each bay get the same strain, except with a 
different sign. 

Having obtained the above results, and analysing the 
same, there is for the strain on the bar H of the extrados at 
the crown 3' 86 tons, and on Q, in the intrados, 0*19 ton; 
these two values added together give 4*05 tons thrust or 
strain at the crown of the arch. 

W L 

Now apply the formula -o-jy> that all mathematical 

authorities give for the thrust or strain at the crown of an 

iron arch equally loaded, substituting values -~ — j* = 4 

tons, which checks with the value given above, as it must 
be remembered that the bars are slightly inclined in the 
example of the arch given. 

Again, suppose the extrados of this arch be taken and 
transformed into a bowstring girder, as shown Fig. 5, Plate I., 
substituting a tie for the thrust of the abutments, and intro- 
ducing diagonal bracing to supply the stiffness, and working 
out the strains with one ton on each apex in the ordinary 
way by Maxwell's diagrams, Fig. 6, Plate I., it will be found 
that the polygon of forces turns on the same horizontal 
thrust as in the arch, i.e., 2*92525 tons. Also that if it is 
assumed that the bowstring is loaded uniformly with 0*2 ton 
per foot run of span, the units would be the same at each 
apex as for the arch in Example II. ; working this out with 
these units by Maxwell's diagram, Fig. 7, Plate I., as before, 
it will be found that the polygons turn on the horizontal 
thrust of 4*05 tons as in the arch. 

However, to prove that both the theory and results 

c 
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obtained are correct, tarn to the diagrams for each separate 
load from which the tables have been compiled, and which 
are shown in Plate III. Figs. 1 to 8 representing the strains 
for the load of one ton on each apex, as in Example L, with 
diagonals in black lines, and Figs, 5 to 16 those for the load 
of one ton on each apex, as in Example III., with diagonals 
in dotted lines, the letters on the diagram corresponding 
with those on Fig. 1, Plate II. 

In all the tables the entire table has not been carried out, 
as it is evident that taking, say the load W& this load would 
give the same strain on all the bars between it and H* as 
the weight Wu would give between it and 1^. Similarly 
with the diagrams for each separate load, it is only necessary 
to take those for one side, as the corresponding load on the 
other side of the arch would give the same diagram only 
upside down. 

As an example of working out these diagrams for the 
separate loads as shown on Plate III., take any load, say 
W 6 = 1 ton on that point, with the diagonals in black lines, 
as in Example I., Fig. 1, Plate II. Referring to page 10 it is 
found that the horizontal thrust for this load is T = • 30875 ; 
lay this down horizontally to any scale of parts as shown by 
x y, Fig. 6, Plate III.; then it is also seen at page 10 that the 
two reactions are respectively E x = • 69125 and K^ = • 30875 ; 
lay these off vertically from y, as shown by y z and y v in the 
diagram. There are now the three .points v, x, z f to work 
from, all the strains for the bars of the extrados being 
measured from v and z, and those of the intrados from the 
point x. 

Commence by drawing down from the point Z the line H 
parallel to the bar H in the complete sketch of the arch, and 
from the point x draw the line 16 parallel to the diagonal 16 
in the sketch until they intersect; measuring from this 
intersection to the point Z gives the strain on H, and measuring 
from intersection to the point x gives the strain on the 
diagonal 16. Then from this intersection draw 15 parallel to 
the radial 15 in sketch, and from x draw the line K parallel 
to the line K in the intrados of the arch until it intersects 15 ; 
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measuring these two lines will give the strains on 15 and K ; 
from this last intersection draw the line 14 parallel to the 
diagonal 14 on sketch, and from Z draw the line G parallel 
to the bar G of the extrados until they intersect ; measuring 
these two lines will give the strains on G and the diagonal 14 ; 
and so on until the complete figure of polygons for the whole 
arch is completed, the values of which are tabulated in Table I. 
The diagram might just as readily have been commenced 
from the point v in the same manner for the other side of 
the arch. 

The diagrams have in all cases been lettered and figured 
as far as practicable, but some of the letters and figures have 
necessarily been omitted where the smallness of the figure 
did not admit of their being inserted; however, every 
endeavour has been made to ensure clearness. 

Now taking the results as tabulated for this diagram for 
the load W 6 from Table I., and writing them down on a 
complete sketch of the arch, they must fulfil the require- 
ments necessary for the stability of any structure, viz., that 
all the forces or strains acting about any point in the structure 
or polygon shall keep that point in equilibrium. 

Suppose any point be taken to see whether these conditions 
are fulfilled. Say the point at the crown of the intrados. 
Here we have five forces, Q, 1, and 2' tension, and 2 and Q x 
compression, as shown Fig. 3. 



Pig • 3 




If the direction of 2 and Q L be retained, but transferred to 
the other side of the point, this would make them tensions, 
which would come to the same thing, and would give five 
tensions acting on the point. Suppose this be done, and 

o 2 
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giving each their proper values, as shown, Fig. 4. Besolving 
Q and Q x the resultant x is obtained ; resolving 1 and 2' the 
resultant y is obtained, and resolving these two resultants 
x and y the resultant Z is obtained; which is equal and 
opposite to the force 2, and therefore the point is kept in 
equilibrium by two equal and opposite forces. 

Fig . 4 . 




Pig. 5 



Pig. 6. A 





Suppose the point where the weight itself is applied is 
taken next ; here there are five compression strains as shown, 
Fig. 5. Lay these down to their proper directions and 
magnitudes, resolving C and 5 the resultant x is obtained ; 
resolving B and 4 the resultant y is obtained ; and resolving 
these two the resultant Z is obtained, equal and opposite in 
direction to the weight W 6 , therefore this point is in equi- 
librium. Again, take the point Bx at the abutment, Fig. 6 
here are four compression forces. The force H in the 
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extrados, the diagonal 16, the reaction R x for this load, and 
horizontal thrust T x for the same, laying these down as shown 
in Fig. 6 to their proper directions and magnitudes, the two 
opposite and equal resultants x and y are obtained, as shown 
in the figure. 

It has now been shown how to test the strain at any point 
of the polygon or arch, with the diagonals in black lines, 
but it may be as well to show how the figure works out for 
the point last taken, B x in the arch braced with the dotted 
diagonals, Table II. ; take the same load W 6 , and at the 
point Ex there are four compressive forces; lay 
these down to their proper directions and values, 
Fig. 7, there result as before the two opposite 
and equal resultants x and y. Any other point 
can be tested in the same manner. 

Example V. 

In this example the same span, 80 feet out to 
out, will be taken for a semicircular arch, 
Fig. 1, Plate IV., and, as in the previous ex- 
amples, loaded with 1 ton on each apex, doubly latticed, but 
with the radials omitted. 

First take the arch as shown by the lines in black, Fig. 1, 
Plate IV. Here there are the same horizontal thrusts and 
reactions for each weight as in the previous cases, which can 
be written thus : — 






Tj or T, 


»i 


R, 


w, 


0- 038125 


0-961875 


0-038125 


w 4 


0- 147125 


0-852875 


0-147125 


w. 


0-30875 


0-69125 


0-30875 


w 8 


0*5 


0-5 


0-5 


w l0 


0-30875 


0-30875 


0-69125 


w„ 


0-147125 


0- 147125 


0-852875 


w 14 


0- 038125 


0-038125 


0-961875 




T = 1-488 


• 



Lay this thrust horizontally down, Fig. 2, Plate IV., as 
was done in the previous examples, and lay off the weights 
vertically. Then, proceeding in the same manner as before 



22 ABOHES AND ABOHED BRIDGES. 

by Maxwell's diagrams, the polygon of forces is obtained as 
shown. These results are tabulated in Table III., and were 
arrived at by taking out the diagram for each separate 
weight; and an example as to constructing them is given 
by Fig. 3, Plate IV., for the weight W*, which will be readily 
understood from the figure. 

This diagram is commenced, having the same three points 
as before to start from, by drawing down the line D parallel 
to the bar D in the extrados in sketch, until it intersects 
the line 8, drawn parallel to the diagonal 8 in sketch, from 
the horizontal thrust, and then proceeding as explained in 
the previous example. 

Now an arch of this description built of iron would rarely 
be used, except in the case of a roof ; and as the only dis- 
turbing forces likely to occur to such a structure to strain it 
unequally would be either snow or wind on one side, or both 
together on the same side, it is needless in practice to go to 
the trouble and time to take each load out separately. 
Therefore if one diagram be taken out for the roof equally 
loaded, that is for its own weight, and another for when 
only loaded on one side, adding the two together the result 
will give the maximum strains which it is necessary to 
provide against in the metal. 

To draw this diagram, which is shown by Fig. 4, Plate IV., 
proceed as follows. Obtain the horizontal thrust and re- 
actions for the weights of 1 ton at each apex on one side ; 
thus, 
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w 4 
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w. 
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0-69125 




0-30875 


w. 


0-5 


»i 
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B,= 


0-5 




T = 0-994 


= 3-006 


0-994 



Lay this horizontal thrust down with the reactions on each 
side vertically to it, as shown in the figure, then as the sum 
of the weights must equal the sum of the reactions, lay 
these off within them. Then all the points necessary for 
forming the polygon of forces are obtained, as explained by 
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the figure, which results agree with those tabulated in the 
two last columns of Table III., and which were arrived at 
by the addition of the values for each separate load. 

Fig. 5, Plate IV., represents the strains for this arch 
equally loaded, that is, with 0*1 per foot run of span. This 
will slightly vary both the weight at each point and the 
horizontal thrusts from those in Examples II. and IV. ; they 
may be written down thus : — 

Tj or T, 

0225 
1592 
0-4358 
0-765 
0-4358 
1592 
0225 



w, 
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0*5885 ton. 


w 4 


= 


10825 


»» 
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1-4115 
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w, 
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1-53 
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w» 
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1-4115 


i» 
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10825 


»» 


w„ 


— 


0-5885 


>» 



T = 2-0000 



Laying this down, and setting up the above units to scale, 
the following values are given by scaling the figures :— 





EXTRADOS. 




D 

+2-83 


O B 
+ 1-33 +1-28 

Intrados. 


A 

+ 1-72 


E 

+2-21 


F 

+ 1-96 


G 

+0-66 



Bars. 

87654321 
+180 -115 +0-43 +0-77 -0-47 +124 -034 +054 

No strain passes through the centre of intrados, as the 
arch would be perfectly stable, when equally loaded, with 
this system of bracing, if assumed to be hinged at the crown. 

Example VI. 

In the last example the arch as shown in black lines was 
dealt with, Fig. 1, Plate IV. This same arch, but as shown 
by the dotted lines, will now be considered. In the same 
manner as before it will be assumed as loaded at each 
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1 ton, and the horizontal thrusts and r 
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w 5 
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w 7 




0-4025 




0-5975 


0-4025 


w 9 




0-4025 




0-4025 


0-5975 


w„ 




0-22225 




0*22225 


0-77775 


w„ 




0- 08425 




0- 08425 


0-91575 


w 15 


T 


0-009625 




0- 009625 


0-990375 




= 1-437250 
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Laying this thrust down as before, Fig. 6, Plate IV., the 
strains for this arch, loaded on each apex with 1 ton, are 
obtained, which results are tabulated in Table IV. These 
results, however, were obtained by separate diagrams for 
each load, and the method of constructing them is shown by 
Fig. 7, Plate IV. It will be observed that for each triangu- 
lation it alters the way in which the diagram of polygons 
commences, for in thi9, as in the previous Example V., there 
are the same three points to work from, but for this tri- 
angulation one commences by drawing down the line M 
parallel to the bar M in the extrados of the arch, until it 
intersects the horizontal bar 9 of the arch, and then the 
polygon is continued from this intersection. It will be 
observed that in this case the polygon of forces does not 
turn exactly on the horizontal thrust, and the reason will 
be evident by examining Fig. 6, Plate III., wherein, if the 
vertical 1 were left out, the diagonals 2 and 2' would meet 
a little to the left of the horizontal thrust. 

As in the previous example this arch, loaded on one side 
only, will next be taken, with 1 ton on each apex. To draw 
this diagram, which is shown, Fig. 8, Plate IV., proceed as 
before to get the horizontal thrust and reactions. 
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Lay this down, and, as before, laying off the reactions 
vertically with the weights laid off between them. Draw 
the polygon of forces as shown in Fig. 8, which results 
agree with those tabulated in the two last columns of 
Table IV., and which were arrived at by addition of Tables. 
Fig. 9, Plate IV., represents the strains for the arch loaded 
equally wilh • 1 ton per foot run of span, and as in this arch 
the loads will vary slightly from those in Examples II. 
and IV., write them down thus : — 









T l or T t 


w, 
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w. 
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w, 
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0-60415 


w. 
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0-60415 
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0- 07165 


w„ 


0-3370 


»» 


0- 00328 




T = 1-92400 



Laying this down, and setting up the units as explained 
in the previous examples. The strains which are scaled 
from the diagram as below. 

EXTRADOS. 



M 

+3-93 


L K J 
+201 +1-43 +1-^6 


I 
+214 


N 
+1-39 


Intbados. 
O P 
+2-09 +0-99 

Bars. 


Q 
-018 



987654321 
+1-54 -1-86 +0-97 +003 -028 +118 -0*67 +091 -006 

Here are now the strains on two similar arches but with 
different bracing; therefore if the two results are added 
together the addition will give the strains on an arch with 
double diagonal bracing, and equally loaded with 0*2 ton 
per foot run, and the results would stand thus : — 

EXTBADOS. 

D+M D+L O+L C+K B+K B+J A+J A+I 
2-83 2-83 1-38 1*33 1*28 1*28 172 1*72 
3-93 201 201 143 1*43 1*86 186 2-14 

6^76 4-84 3-34 276 2*71 314 358 3*86 
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INTBADOS. 

N B+N E+O P+O F + P G + P G+Q 
2-21 2-21 1*96 1*96 066 0*66 
1-39 1-39 209 209 0*99 0*99 -018 -018 



+1-39 +3*60 +4-30 +405 +295 -1*65 +048 -018 

Babs. «, 

98 76543 21 

Black lines +1-80 -115 +043 +0*77 -047 +124 -034 +0*54 

Dotted „ +1-54 -1*86 +097 +0*03 -0*28 +118 -067 +091 -006 

In the foregoing examples of the arch it will doubtless 
have been noticed how, in the diagrams for each separate 
load, the figure of polygons for the strains on each side of the 
centre of the arch always turn on the horizontal thrust, or on 
the line vertically drawn through it ; but the same thing, it 
will be remembered, occurs in the bowstring girder, as shown 
by Fig. 3, Plate I., and it is this very fact which enables one 
to see, directly the drawing of the figure of the polygons 
has progressed so far, whether the figure has been com- 
menced in the proper manner ; for if it does not turn on the 
horizontal thrust, some error must have been made in the 
values of the horizontal thrust, reactions, starting the figures, 
or its setting out. There is only one case in which the 
polygon of forces does not turn exactly in a line with the 
horizontal thrust, and attention was drawn to it at the time ; 
this is in the case of the arch shown in dotted lines, Fig. 1, 
Plate IV. By looking at the example, Fig. 7 in same Plate, 
for the single load W 6 , the point of junction of the bars 1 and 1' 
is not directly underneath the horizontal thrust, and the 
reason of this will be evident by referring to Fig. 6, 
Plate III., or any of the Figs, from 1 to 8, where it will be 
seen, by looking at these diagrams, that if the vertical 1 
were removed, the strain on the bar 2 would be reduced, 
and that on 2' increased, and A and A x would merge into one 
horizontal bar. 

A departure has been made in this treatise from the usual 
practice in engineering works, and that is in taking the arch 
before the bridge, but the reason for doing so will be evident, 
that once having proved the strains on an arch proper, the 
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strains on an arched girder or bridge follows as a natural 
consequence therefrom, as will be seen in the following 
pages. 

Although many other types of arches could have been 
given, still sufficient data has been furnished whereby the 
strains on any other types can be arrived at. 

Taking Examples I., II., III., and IV., it is seen that, 
however the weight is distributed, the strains on the 
diagonals are equal ; suppose Fig. 1, Plate II., be turned to, 
and look upon the eight divisions on each side as represent- 
ing the voussoirs of a stone arch, these diagonal strains 
would represent the transverse strains through each voussoir, 
and the strains on the radials as the friction at their joints. 
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CHAPTER II. 

THE ARCH BRIDGE. 

Example L 

Take, for example, an arched bridge, Fig. 1, Plate V., 
80 feet span, 8 feet rise, or versed sine, and 2 feet deep at 
crown, divided into 16 bays and braced as shown in the 
figure. Loaded with 1 ton per foot run, this would give 

W 

5 tons collected at each apex = W, and 2 • 5 tons = -~- 

going straight on to the abutments down bars 17 and 17'. 

Proceed then similarly as in the arch proper, first to find 

W (a— b) 
the horizontal thrusts by the formula — ^ » and the 

J 2 r ' 

reactions at the abutments for each load, which may be 
written thus : — 
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w 4 


500 


3-75 


1-250 


w 5 


6-25 


3-4375 


1-5625 
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4 0625 


w 14 
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1-25 
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4-6875 




T = 8000 
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Haying obtained this thrust, proceed in the same manner 
as for the arch, by laying this horizontally down to any 
scale of parts, and setting off the units of load vertically to 
it, then working out the. polygon of forces by Maxwell's 
diagrams, the strains on the arch when fully and equally 
loaded are obtained. These results are tabulated in Table V ! 
in the last column, but the body of the Table is the result 
of taking the diagrams out for each load separately, and 
these are shown on Plate VI., .Figs. 1 to 8. 

Now, referring to Plate I., Fig. 2, there was given an 
example of a bowstring girder with the same span and the 
same depth virtually as the arch in this example, and both 
girder and arch turn on the same horizontal thrust, which 
bears out what was stated in the commencement, p. 9. 

Turn now to Plate VI., these diagrams are constructed 
similarly to those for the arch. Take the diagram, Fig. 7, 
for the load W 7 referring to the thrusts given above its 
value is found to be 8 '75; laying this down horizontally to 
any scale of parts, and laying the reactions 2 • 8125 and 2 • 1875 
vertically to it, the three points x y z are obtained to work 
from as in the arch. * All the strains for the top boom being 
measured from the points y and a, and all those for the arch 
being measured from the point x. 

All strains lying to the left of y and z are compressive, 
those lying to the right being tensile for the top boom, and 
all strains lying to the right of x are compressive, and those 
to the left tensile for the arch. 

Then, commencing from the points obtained, proceed by 
drawing J from the point X parallel to the bar J in the 
sketch, Fig. 1, Plate V., of the bridge girder, and from the 
point Z draw the line 17 parallel to the same bar on sketch ; 
measuring from this intersection to the point X gives the 
strain on J, and measuring to Z gives the strain on bar 17. 
Now in a girder of this kind the top boom is a straight line, 
therefore there are no distinctive bars at different angles to 
guide one, but the method is the same, and the values must 
be measured accordingly. Next, from the above point of 
intersection draw the line 16 parallel to the same bar on 
sketch, until it intersects the horizontal line drawn through Z ; 
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then measuring from the previous intersection to the one 
last obtained gives the strain on the bar 16, and measuring 
horizontally from the same intersection to the point Z gives 
the strain on the member H in the top boom. Then from 
this last intersection set up the line 15 parallel to the bar 15 
in sketch, and from X draw the line E parallel to the 
member K in sketch until it intersects 15 ; measuring from 
the last intersection to this one will give the strain on 15, 
and measuring from the same to X will give the strain on 
the member K, and so on until the wb«ole polygon of forces 
is completed for that load, which strains are tabulated in 
Table V. 

In some of these diagrams it has been impossible to put 
the whole of the letters and figuring on, some of the figures 
being so small that it would only have led to confusion ; 
however, in all the diagrams the strains owing to the re- 
action Ka are multiples of each other, therefore they will all 
be readily understood from Fig. 7 ; and with regard to the 
other portions of the diagrams enough letters and figures 
have been put to render them intelligible. 

The results are tabulated in Table V., and they can be 
verified as to the forces acting about any point, keeping that 
point in the polygon in equilibrium in the same manner as 
was shown for the arch at page 19. 

It may appear strange, at first sight, on examining the 
Tables, to find that for a single load at the centre W 8 that 
both the bars C and G x are superfluous bars, but it merely 
shows, when the strains are tested, that the arch girder 
would theoretically support this load if hinged at the points 
of junction of and P, and Ox and P x . Similarly that for 
all weights to the left of the centre, the arch could be 
hinged at the point of junction of O x and P P 

In actual practice, however, it will be evident that the 
maximum strains would have to be used for a live load of 
1 ton per foot run on an arch bridge of this description, 
which would give on 

Top Boom. 

TTOPEDOBA. 

+ 834 +1805 +2902 +4130 +5309 +6038 +7421 +80*00 

D 
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Abch. 

JKLMNOPQ 

+85-94 +81-46 +7770 +74-14 +6916 +6019 +4638 +2641 

Babs. 
17 16 15 14 13 12 11 10 

+16-12 -15-69 +17-55 -1586 +1650 -16-07 +14-86 -15*94 

9 87 6 54 3 21 

+14-40 -1808 +14-36 -22-37 +1428 -2686 +13-50 -28*35 +500 

The above strains would therefore have to be added to those 
of the bridge equally loaded with its own weight, whereby 
stability would be ensured. 

The above method and figures would be the one to use for a 
bridge where the diagonals are replaced by a web-plate, as 
this gives the greatest strain on the verticals ; this would 
enable one to calculate the thickness of the webs in the 
same manner as for an ordinary plate girder. If an example 
had been given of this arch (which is unnecessary, as it is 
given in the next Example for a similar arch), with the 
diagonals in the reverse direction, it would have gfren tensile 
strains on the verticals, therefore the verticals in this example 
have the greatest strain which can possibly come upon them. 

Example II. 

Next take the foregoing arch girder, 80 feet span, 8 rise 
or versed sine, and 2 feet deep at crown, without verticals, 
but latticed as shown, .Fig. 1, Plate VII., by the lines' in 
black, loaded as before with 5 tons on each apex, the hori- 
zontal thrust for this would be 





Ti or T a 


Ri 


B, 


w, 
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4*6875 


0*3125 


w, 


3-75 


4 0625 


0*9375 


w 5 
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3-4375 


1-5625 


w r 


8-75 


2*8125 


2*1875 


w. 


8-75 


2 1875 


2*8125 


w„ 


6-25 


1*5625 


3*4375 
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8*75 


0*9375 


4 0625 


w 15 


1-25 


3125 


4*6875 




T = 40000 





Laying this thrust down horizontally, Fig. 2, Plate VII., 
pud setting up the weights vertically, we obtain the strains 
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for the arch equally loaded with half a ton per foot ran, 
which results are tabulated in the last column of Table VI., 
but the .body of the Table, as in all previous cases, was 
obtained for each load separately, and an example of the 
diagram is given for constructing the polygon of forces for 
the single load by Fig. 4, Plate VII. 

Example III. 

Again, take this arch girder as shown by the dotted lines, 
Fig. 1, Plate VII., loaded as before with 5 tons on each apex ; 
the horizontal thrusts and reactions for which would be — 

Rj R, 

4-375 0-625 

3*75 1-250 

312& 1-875 

2-50 2-50 

1-875 3125 

1-250 3-75 

0-625 4-375 



w 

With this triangulation JWor— goes directly on to the 

abutments by the bars 9 and 9'. Laying this thrust T down 
as shown in Fig. 3, Plate VII., and setting up the weights 
vertically, the strains on the various bars are obtained for 
the arch girder loaded with half a ton per foot run, as 
tabulated in the last column of Table VII, ; the body of 
the Table having been compiled, as before, by taking each 
load separately, and the method of drawing this diagram is 
shown by Fig. 5, Plate VII. 

Now by adding the results of the last columns of Tables 
VI. and VII., it will give the strain for a double diagonally 
braced arched bridge fully loaded with 1 ton per foot run, 
with the following results: — 

Top Boom. 

M D and M D and L C and L C and K B and K B and J A and J 
4-95 4-95 14-92 14*92 29*94 29-94 4000 
1*27 7-87 7-87 19-89 19-89 34-13 34*13 
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Pi' 

1.1 



1-4 "■" 






9 -*+ i 

M fc, T 4 



3 



« 



O 

5 



•s 



| 



oh 



i 



S 



II 






*h 






p* 









<0 






M 



fc 



^H T*4 ^ iH 00 1-H T* © <«< 

4hcMooeo©»«cMcocb 

+ I + I + I +++ 



t>ia©t*K5tfiO0»a© 

tH^OOCOOCOHOJKJ 

COCOCMCOOiOCM©© 

I I I I I I I I I 



So co t«- ** © qo o © 
5(NNd)HlOOQ 

• •••••••• 

i> ^ p^ eo o o -*** co.o 

i-H i-H i-H i-l 

+++++++++ 



rt 



8 



©©cmo t*co©© 
"*co co©©t>©co 



OOOOOOOi-ii-i 

I + I ++ I + I + 



ooo 

t<- 00 CO 



SONiCOt* 
1-1 T* *t< © iH 

• •••••••• 

ooooooiHcqoo 

I + I ++ I + I + 



IQO 



01Q0AHHC4OQ0 

• •••••••• 

iHiHOOOOWCOt** 

I + I ++ I + I + 



fcOOWJNNOiflO 
COCOi-HOOf-HeM©©"* 

• •••••••• 

HHHHOOWOOO 

I + I ++ I + I + 



CI CO CO CO CO t> CM 



CM 

00 



OOHHW^t*C0^ 

+ I + I + I ++ I 



©K5t«-lOCMCMU0©t» 

O0i-Ht*'*O>iH^©i-H 

• •••••••a 

+ I + I ++ I + I 



©©"^CMiOt^CO©© 
"*<©»-ie0©©l>©CO 

• ••*•••■• 

e0t**C0©O©©i-ifH 

+ 1 + 1 I + I + I 



© 
uo 

+ 



©oot^coo^cocMi-H 



s 



t* t*©co 

CMO0O0 *■* 

• • • • 

i-H 00 

++++ 



CM CO-* 

HC5H 

I I I 



©OC0 
CO 00© 

CO coo 
*h <N 

+++ 



• • • • 

©©©*H 

111 + 



CM t* lOt- 

^ *H©© 

• • • • 

OHHIN 

111 + 



C0t»0 © 

• • • • 

© i-H rl CO 

111 + 



00 CM COO 
00 ^© i-H 

© CMCMtM 

111 + 

I-H © O © 
• • • • 

©i-H00i-H 

++++ 



CM»C©CM 

• • • • 

H©H|> 

++++ 



CM 00 00 CO 

++++ 



Snltt^ 



< 



00 l>© o 
CMKJtN© 

++++ 



00 00© 
© CO ^ 

• • • • 

•cm©«* 

1-H 

I I I 



CM 

t* 



£ 



• 00 ^ CO 
•00 00 CM 

+++ 



BOO^H© 
© I-H** 

CM CM CO CM 

++++ 



8 



t*CM© 

©CM 00 



iftiOCO"^ 

++++ 



CM o«j© 
O©C0<N 

• • • • 

00 00 © t* 

++++ 



CMUO© t- 

t>a>*a uo 

• • • • 

©*H CM © 
pH 1-H 1-H 

++++ 



CM CM IOO 

0©©CM 

00 CO CO l> 

+++ 1 

SiOCM© 
© CM 00 

• • • • 

lOf-HCO^ 

++ 1 I 



t*00 i-H © 
CO©i-H^ 

CM CM CO CM 

+ 111 



fcOPnC? 



38 ABCHES AND ARCHED BRIDGES. 

Abch. 

E and N E and O F and O F and P G and P G and Q H and Q 
38-81 38*81 29-81 29-81 15*77 1577 nil 

42-80 35-74 3574 2490 24*90 9*57 9-57 



81-61 74-55 65-55 54*71 40*67 25*34 9*57 



Babs. 
98 765 4321 

.. +7-79 -2-40 +9-91 -4*60 +12*35 -615 +11*20 nil 



Black \ 

lines/ •' 
Dotted +4*45 -2-45 +8*46 -310 +10-89 -516 +12*40 -3-95 +6*40 



By the above it will be seen that this would be a lighter 
arch than in Example L, which is owing to the weights 
being more directly transmitted on to the abutments. 

In the arch bridge, when fully and equally loaded, and 
braced as shown by the lines in black, it will be observed 
that the bars H, H 1? 1, and 1', have no strain on them", or, in 
other words, that the two halves of the structure would 
stand with the top distance piece of the boom from W 7 to W 9 
between them. Likewise, as is shown by the triangulation 
in dotted lines similarly with the arch proper, all strains 
pass through the crown at the point Wg, as if the bridge 
were hinged at that point. However, in actual construction 
the maximum strain would have to be used for the live load* 
It has not been considered necessary to give an example as 
to the construction of the diagram for the bridge when half 
loaded, as it does not give the maximum strains to which 
the structure may be subjected with any other distribution 
of the load, and is therefore valueless ; the diagrams for 
the girder fully loaded, giving the strains for the weight of 
the superstructure, having to be added to the maximum 
strains derived from the rolling load, and the values for the 
latter must be obtained by separate diagrams and tabulated. 

It will be apparent that the calculations and diagrams for 
the arched bridge would equally apply for the rigid suspen- 
sion bridge — that is, a bridge similar in construction to the 
Lambeth Bridge over the Thames, but built with BavenhilFs 
links and. pin-joints instead of wire rope for the suspending 
chain. 
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The only difference in the calculation would be that all 
compressions would be tensions, and tensions be compressions, 
which is manifest by simply turning Fig. 1, Plate V., upside 
down. Very light and rigid structures might be constructed 
by using steel in this manner, which could with safety be 
worked to a higher factor than for wrought iron. It will 
also be patent, from the foregoing results, that in a bridge 
built like the Vauxhall Bridge over the Thames, where 
there is no triangulation between the arch-ring and top boom, 
that all that portion ajbove the arch-ring, being only vertical 
bars and platforms, does not give any stability to the bridge, 
but is only so much dead weight. 

Although the examples given for the arch girder have the 
top boom horizontal, still it would have been just as easy to 
have shown the diagrams for an arched girder with a camber 
or rise given in the top boom, as this would have only made 
the diagrams assimilate more closely to those for the arch. 
Also supposing there were a centre span with a camber 
having two side-spans, carrying the " sweep " to the abut- 
ments, there would not be the slightest difficulty in arriving 
at the strains on the side-spans, which would be deeper one 
end than the other, by the previous methods. 

There is no doubt that once engineers get confidence in, 
and have a lucid and reliable proof of the strains affecting 
arched structures, that they will in time, for large spans, 
and where good foundations are to be obtained, much prefer 
them to either the girder with, parallel booms, or the bow- 
string, as there is a considerable amount of weight, and 
therefore cost, to be saved in the first instance, and they are 
so much easier of erection in th& next. This would be a 
still greater advantage for India or the Colonies, or wherever 
good foundations and good bricks or stone and mortar are to 
be procured, because, owing to the saving in weight, there 
would be less freight and inland carriage from the port of 
landing. 
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BOOKS RELATING 



TO 



APPLIED SCIENCE 

PUBLISHED BY 

E. & F. N. SPON, 

LONDON : 16, CHARING CROSS. 

NEW YORK : 35> MURRAY STREET. 



A Pocket-Book for Chemists, Chemical Manufacturers^ 

Metallurgists, Dyers, Distillers, Brewers, Sugar Refiners, Photographers, 
Students, etc., etc. By Thomas Bayley, Assoc. R.C. Sc. Ireland, Ana- 
lytical and Consulting Chemist and Assayer. Second edition, with 
additions, 437 pp., royal 32010, roan, gilt edges, $s. 

Synopsis of Contents : 

Atomic Weights and Factors— Useful Data— Chemical Calculations— Rules for Indirect 
Analysis— Weights and Measures — Thermometers and Barometers — Chemical Physics— 
Boiling Points, etc—Solubility of Substances— Methods of Obtaining Specific Gravity — Con- 
version of Hydrometers— Strength of Solutions bySpecific Gravity — Analysis— Gas Analysis- 
Water Analysis— Qualitative Analysis and Reactions— Volumetric Analysis — Manipulation- 
Mineralogy — Assaying — Alcohol — Beer — Sugar — Miscellaneous Technological matter 
relating to Potash, Soda, Sulphuric Acid, Chlorine, Tar Products, Petroleum, Milk, Tallow, 
Photography, Prices, Wages, Appendix, etc., etc 

jThe Mechanician : A Treatise on the Construction 

and Manipulation of Tools, for the use and instruction of Young Engineers 
and Scientific Amateurs, comprising the Arts of Blacksmithing and Forg- 
ing ; the Construction and Manufacture of Hand Tools, and the various 
Methods of Using and Grinding them ; the Construction of Machine Tools, 
and how to work them ; Machine Fitting and Erection ; description of 
Hand and Machine Processes ; Turning and Screw Cutting ; principles of 
Constructing and details of Making and Erecting Steam Engines, and the 
various details of setting out work, etc., etc By Cameron Knight, 
Engineer. Containing 1147 illustrations, and 397 pages of letter-press. 
Third edition, 4to, cloth, iSs. 
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On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst. Mech. Engineers, Author of 'Designing Valve 
Gearing.' Fcap. 8vo, sewed, 6d. 

A Handbook of Formula, Tables, and Memoranda, 

for Architectural Surveyors and others engaged in Building, By J. T. 
Hurst, C.E. Thirteenth edition, royal 32010, roan, 5j. 

"It is no disparagement to the many excellent publications we refer to, to say that in our 
opinion this little pocket-book of Hurst's is the very best of them all, without any exception. 
It would be useless to attempt a recapitulation of the contents, for it appears to contain almost 
every 'thing that anyone connected with building could require, and, best of all, made up in a 
compact form for carrying in the pocket, measuring only 5 in. by 3 in., and about \ in. thick, 
in a limp cover. We congratulate the author on the success of his laborious and practically 
compiled little book, which has received unqualified and deserved praise from every profes- 
sional person to whom we have shown it."— The Dublin Buildtr. 

The Cabinet Maker ; being a Collection of the most 

approved designs in the Mediaeval, Louis- Seize, and Old English styles, 
for the use of Cabinet Makers, Carvers, &c. By R. Charles. 96 plates, 
folio, half-bound, iar. 6d. 

Quantity Surveying. By J. Leaning. With 42 illus- 
trations, crown 8vo, cloth, gs. 

Contents : 



A complete Explanation of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste* 
Ventilation and Wanning. 
Credits, with various Examples of Treatment. 
Abbreviations. 
Squaring the Dimensions • 
Abstracting, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 
Do. Bill of Credits. 
Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of Bill. 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuation of Work, with 

Examples and Remarks upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Old Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of " Taking Off" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 



A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, &c. By Thomas 
Box. With 14 plates. Third edition, crown 8vo, cloth, I2j. 6d. 

A Descriptive Treatise on Mathematical Drawing 

Instruments: their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W. F. Stanley, M.R.I. Fifth edition, with numerous illustrations > 
crown 8vo, cloth, $s. 
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Spons Architects* a,nd Builders Pocket- Book of Prices 

and Memoranda. Edited by W. Yodng, Architect. Royal 32mo, roan, 
4f. 6d. ; or cloth, red edges, 31. 6d. Published annually. Tenth edition. 
Now ready. 

Long-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical and' Practical Advantages of the 
various adopted or proposed Type Systems of Construction, with numerous 
Formulae and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst C.E. Plates, crown 8vo, 
cloth, 5*. 

* 

Elementary Theory and Calculation of Iron Bridges 

and Roofs. By August Ritter, Ph.D.,' Professor at the Polytechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt. R.E. With 500 illustrations, 8vo, cloth, 15J. 

The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, is. 6V. 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Third 
edition, crown 8vo, cloth, 18J. 

Section I. On the Equality and Distribution of Forces— Section II. Resistance of 
Timber — Section III. Construction of Floors — Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas-— Section VI. Construction of Partitions- 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges — Section IX. Coffer-dams, Shoring, and Strutting^Section X. Wooden Bridges 
and Viaducts— Section XI. Joints, Straps, and other Fastenings — Section XII. Timber. 

Our Factories, Workshops, and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaite, Assoc. 
Mem. Inst. C.E. With 183 wood engravings, crown 8vo, cloth, gs. 

Gold : Its Occurrence and Extraction, embracing the 

Geographical and Geological Distribution and the Mineralogical Charac- 
ters of Gold*bearing rocks ; the peculiar features and modes of working 
Shallow Placers, Rivers, and Deep Leads ; Hydraulicing ; the Reduction 
and Separation of Auriferous Quartz ; the treatment of complex Auriferous 
ores containing §ther metals ; a Bibliography of the subject and a Glossary 
of Technical and Foreign Terms. By ALFRED G. Lock, F.R.G.S. With 
numerous illustrations and maps, 1250 pp., super-royal 8vo, cloth,. 
2/. izs. 6d» 
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Progressive Lessons in Applied Science. By Edward 

Sang, F.R.S.E. Crown 8vo, cloth, each Part, y. 

Part t. Geometry on Paper — Part a. Solidity, Weight, and Pressure — Part 3. Trigono- 
metry, Vision, and Surveying Instruments. 

A Practical Treatise on Coal Mining. By George 

G. Andre, F.G.S., Assoc. Inst C.E., Member of the Society of Engineers. 
With 82 lithographic plates, 2 vols., royal 4I0, cloth, 3/. I2J. 

Sugar Growing and Refining: a Comprehensive 

Treatise on the Culture of Sugar-yielding Plants, and the Manufacture, 
Refining, and Analysis of Cane, Beet, Mapje, Milk, Palm, Sorghum, 
and Starch Sugars, with copious statistics of their production and com- 
merce, and a chapter on the distillation of Rum. By Charles G. 
Warnford Lock, F.L.S., &c, and G. W. Wigner and R. H. Harland, 
FF.C.S., FF.I.C. With 205 illustrations, 8vo, cloth, 30J. 

Spons 1 Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 

No. 1, Ceylon. By Abraham Deane, C.E, 21. 6d. 

Contents : 

Introductory Remarks— Natural Productions— Architecture and Engineering— • Topo- 
graphy, Trade, and Natural History— Principal Stations— Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.I. With 
Map. 3*. 6d. 

Contents : 

General Description of South Africa — Physical Geography with reference to Engineering 
Operations— Notes on Labour and Material in Cape Colony— Geological Notes on Rock 
Formation in South Africa — Engineering Instruments for Use in South Africa — Principal 
Public Works in Cape Colony : Railways, Mountain Roads and Passes, Harbour Works, 
Bridges, Gas Works, Irrigation and Water Supply, Lighthouses, Drainage and Sanitary 
Engineering, Public Buildings, Mines — Table of Woods in South Africa—- Animals used for 
Draught Purposes — Statistical Notes — Table of Distances — Rates of Carriage, etc. 

No. 3. India. By F. C. Danvers, Assoc. Inst. C.E. With Map. 4s. 6d. 

Contents*: 

Physical Geography of India — Building Materials— -Roads— Railways— Bridges— Irriga- 
tion— River Works— Harbours— Lighthouse Buildings — Native Labour — The Principal 
Trees of India — Money— Weights and Measures— Glossary of Indian Terms, etc. 

A Practical Treatise on Casting And Pounding, 

including descriptions of the modern machinery employed in the art. By 
N. E. Spretson, Engineer. Third edition, with 82 plates drawn to 
scale, 412 pp., demy 8vo, cloth, i&r. 
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The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. Hoskins, 
F.R.I.B.A. Third edition, fcap. 8vo, cloth, is. 6d. 

Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc., and in their 
relation to the Arts and Manufactures ; forming a practical treatise and 
Handbook of Reference for the Colonist, Manufacturer, Merchant, and 
Consumer, on the Cultivation, Preparation for Shipment, and Commercial 
Value, etc., of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical Regions. By 
P. L. Simmonds. Second edition, revised and improved, 515 pages, 
8vo, cloth, 1/. is. 

Steel: its History \ Manufacture y and Uses. By 

J. S. Jeans, Secretary of the Iron and Steel institute. 860 pages and 
24 plates, 8vo, cloth, 36J. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. 
West, Practical Iron Moulder and Foundry Foreman, Second edition, 
with numerous illustrations, crown 8vo, cloth, I or. 6d. 

The Maintenance of Macadamised Roads. By T. 

Codrington, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales. 8vo, cloth, 6s. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery. By Frederick Colyer, M. Inst C.E., M. Inst. M.E. 
With opiates, 8vo, cloth, \%s. 

Pumps and Pumping Machinery. By F. Colyer, 

M.I.C.E., M.I.M.E. With 23 folding plates, 8vo, cloth, 12s. 6<i. 

Tables of the Principal Speeds occurring in Mechanical 

Engineering) expressed in metres in a second. By P. Keerayeff, Chief 
Mechanic of the Obouchoff Steel Works, St. Petersburg ; translated by 
Sergius KerNj M.E. Fcap. 8vo, sewed, 6d. 

Girder Making and the Practice of Bridge Building 

in Wrought Iron, illustrated by Examples of Bridges, Piers, and Girder 
Work, etc., constructed at the Skerne Iron Works, Darlington, by 
Edward Hutchinson, M. Inst. M.E. With 35 plates, demy 8vo, 
cloth, I or. 6d. 
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Spons* Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo, 
in 8 divisions, 5/. &r. Complete in 3 vols., cloth, 5/. 51. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 61, 12s. 

Seepage 15. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc., etc With 10 plates, crown 8vo, cloth, 7-r. 6d. 

Metrical Tables. By G. L. Molesworth, M.LC.E. 

32010, cloth, is. 6a\ " 

Contents. 

General— Linear Measures— Square Measures— Cubic Measures-*-Measures of Capacity- 
Weights — Combinations— Thermometers* 

A Handbook of Electrical Testing. By H. R. 

Kempe, Member of the Society of Telegraph Engineers. New edition, 
revised and enlarged, with. 81 illustrations. Crown 8vo, cloth, 12s, 6d. 

Electro -Telegraphy. By Frederick S. Beechey, 

Telegraph Engineer. A Book for Beginners. Illustrated, Fcap. 8vo, 
sewed, 6d, 

Handrailing : by the Square Cut. By John Jones, 

Staircase Builder. Fourth edition, with seven plates, 8vo, cloth, y. 6d. 

Handrailing : by the Square Cut. By John Jones, 

Staircase Builder. Part Second, with eight plates, 8vo, cloth, $s. 6d. 

The Gas Consumers Handy Book. By William 

Richards, C.E. Illustrated. l8mo, sewed, 6d. 

Steam Heating for Buildings ; or, Hints to Steam 

Fitters, being a description of Steam Heating Apparatus for Warming 
and Ventilating Private Houses and large Buildings ; with Remarks on 
Steam, Water, and Air in their relation to Heating ; to which are added 
miscellaneous Tables. By J. \V. Baldwin, Steam Heating Engineer. 
With many illustrations. Second edition, crown 8vo, cloth, icj. 6d. 
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A Pocket-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers. By Guilford L. Molesworth, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations, 744 pp. Twenty-first 
edition, revised and enlarged, 32mo, roan, 6.r. 

Synopsis of Contents: 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc.— Struts, Columns, Beams, and Trusses — Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads — Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warming— Heat, 
Light, Colour, and Sound — Gravity: Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafting, etc.— Workshop Recipes — Sundry Machinery — Animal Power — Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc. — Wind and Windmills — 
Steam Navigation, Ship Building, Tonnage, etc."— Gunnery, Projectiles, etc.— Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy — Mensura- 
tion — Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc. — Useful Number§— Differential and Integral Calcu- 
lus—Algebraic Signs— Telegraphic Construction and Formulas. 

• 

Sponf Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook, ' • Hurst's Tredgold's Carpentry, ' etc. Fifth edition, 
641110, roan, gilt edges, is. ; or in cloth case, Is. 6d. 

This work is printed in a pearl type, and is so small, measuring only 2* in. by ii in. by 
4 in. thick, that it may be easily carried in the waistcoat pocket. 

It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 



« 



measuring but ai in. by if in., yet these dimensions faithfully represent the size of the handy 
little book before us. The volume— which contains zz8 printed pages, besides a few blank 
pages for memoranda— is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety of information than most people 
would imagine could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion."— Engineering, 

Analysis, Technical Valuation, Purification and Use 

of Coal Gas. By the Rev. W. R. Bowditch, M.A. With wood engravings, 

ovo, cloth, 1 2 j. 6d. 

Condensation of Gas— Purification of Gas— Light— Measuring — Place of Testing Gas- 
Test Candles— The Standard for Measuring Gas-light — Test Burners — Testing Gas for 
Sulphur — Testing Gas for Ammonia— ^Condensation by Bromine— Gravimetric Method of 
taking Specific Gravity of Gas — Carburetting or Naphthalizing Gas — Acetylene — Explosions 
0/ Gas— Gnawing of Gaspipes by Rats— Pressure as related to Public Lighting, etc. 

A Practical Treatise on Natural and Artificial 

Concrete, its Varieties and Constructive Adaptations. By Henry Reid, 
Author of the ' Science and Art of the Manufacture of Portland Cement. 1 
New Edition, with 59 woodcuts and 5 plates, 8vo, cloth, 15J. 

Hydrodynamics : Treatise relative to the Testing of 

Water- Wheels and Machinery, with various other matters pertaining to 
Hydrodynamics. By James Emerson. With numerous illustrations, 
360 pp. Third edition, crown 8vo, cloth, 4^. 6d. 



8 CATALOGUE OF SCIENTIFIC BOOKS 



The Gas Analyst's Manual. By F, W. Hartley, 

Assoc. Inst C.E., etc With numerous illustrations* Crown 8vo, 
cloth, 6s, 

Gas Measurement and Gas Meier Testing. By 

F. W. Hartley. Fourth edition, revised and extended. Illustrated, 
crown 8vo, cloth, 4s. 

The French- Polisher's Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6d, 

Hops, their Cultivation, Commerce, and Uses in 

various Countries, By P. L. Simmonds. Crown 8vo, cloth, 4-r. 6d. 

A Practical Treatise on tlie Manufacture and Distri- 
bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and 29 plates, cloth, 2&r. 

Synopsis of Contents : 

Introduction — History of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Clay — Retort Setting — Hydraulic Main— Con- 
densers — Exhausters — Washers and Scrubbers — Purifiers — Purification — History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station Meter — Governor — Distribution— 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq^.-*- 
Services — Consumers' Meters — Regulators— Burners— Fittings— Photometer— Carburization 
of Gas— Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas — Influence of Atmospheric Pressure and. Temperature on Gas— Residual 
Products— Appendix— Description of Retort Settings, Buildings, etc., etc 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples ; to which are added rules for Shading Shade-lining, etc, 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter on 
drawing Instruments. By George S. Clarke, Lieut. R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College. 20 plates, 
4to, cloth, 15^. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Lieut 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, crown 8vo, cloth, 5*. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Lieut. Royal Engineers. With 112 illustrations. 
4to, cloth, I2f. 6d. 
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The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter. Translated from articles in 
the ' Cultur-Ingenieur,' by. Lowis D'A. Jackson, Assoc Inst. C.E. 
8vo, cloth, I2J. 6d. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
numerous plates, post 8vo, cloth, 5*. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwhecls, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
11 plates. Second edition, revised and enlarged, small ^to, cloth, 12s. 6d. 

Aid Book to Engineering Enterprise Abroad. By 

Ewing Matheson, M. Inst C.E. The book treats of Public Works 
and Engineering Enterprises in their inception and preliminary arrange- 
ment ; of the different modes in which money is provided for their 
accomplishment ; and of the economical and technical considerations by 
which success or failure is determined. The information necessary to 
the designs of Engineers is classified, as are also those particulars by 
which Contractors may estimate the cost of works, and Capitalists the 
probabilities of profit. Illustrated, 2 vols., 8vo, I2j. 6d. each. 

The Essential Elements of Practical Mechanics; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 wood engravings, post 8vo, cloth, 
*js. 6d. 

Contents : 

Chap. 1. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion— Chap. }. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies— Chap. 4. The Transmission of Work by 
simple Machines—Chap. 5. Useful Propositions and Rules. 

The Practical Millwrights and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, y. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. With 20 plates, 8vo, cloth, i8j. 

A Practical Treatise on the Manufacture of Starch, 

Glucose, Starch-Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and 
other authorities. By Julius Frankel ; edited by Robert H utter, 
proprietor of the Philadelphia Starch Works, With 58 illustrations, 
344 PP*i 8 yo > cloth, i&r. 
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A Practical Treatise on Mill-gearing, Wheels, Shafts, 

^fewj, etc. ; for the use of Engineers. By THOMAS Box. Third 
edition, with 1 1 plates. Crown 8vo, cloth, Js. 6d. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andre\ F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. 1 2s. 

Contents 2 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation— Pumping— • 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals, 

Roads, etc., varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32010, cloth, zs. 6d. 

The Science and Art of the Manufacture of Portland 

Cement, with observations on some of its constructive applications. With 
66 illustrations. $y Henry Reid, C.E., Author of 'A Practical 
Treatise on Concrete,' etc., etc. 8vo, cloth, i&s. 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9s. 

Contents : 

The Drawing Office and Its Furnishings — Geometrical Problems— Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points — Scales— Plotting 
— Civil Engineers' and Surveyors' Plans— Map Drawing — Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometrical Formulae, etc., etc. 

The Boiler-makers andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Mechanical Tables,' etc. Second edition revised, with illustra- 
tions, crown 8vo, cloth, 5*. 

Pock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
ioj. 6d. 

Surcharged and different Forms of Retaining Walls. 

By J. S. Tate. Illustrated, 8vo, sewed, 2s. 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, $s. 

Laxtotis Builders and Contractors Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5j. 

Laxtons Builders' and Contractors' Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, S s - 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts •, 8vo, cloth, 1/. I Of. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Royal 8vo, cloth, oblong, 2s. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal 8vo, oblong, cloth, u., or sewed, 6d. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6s. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d. 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised by his Son, E. F. Bailey-Denton, C.E., B.A. 
With 140 illustrations , 8vo, cloth, 8j. 6d, 
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Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner. 
Third edition, revised and enlarged, translated from the German, with the 
special permission of the author, by Moritz Muller. Plates, 8vo, 
cloth, I2J. 6d. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, $s. 

The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and' other Forms of 
Girders, the Curved Roof, and Simple and Compound Trusses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers. With 64 illustrations, drawn and worked out to scale, 
8vo, cloth, I2J-. 6d. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates, in one Volume, half-bound morocco, 2/. 2s. ; 
or cheaper edition, cloth, 2$s. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will bp given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 

Strtable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
reat Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting-- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

Barlow's Tables of Squares, Cubes, Square Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, 6s. 

Camus {M) Treatise on the Teeth of Wheels, demons 

strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers. Translated from the French, with details of the present 
practice of Millwrights, Engine Makers, and other Machinists, by 
Isaac Hawkins. Third edition, with 18 plates > 8vo, cloth, 5*. 
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A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estimating Quantities, etc., with a 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc By H. S. Merrett. Third edition, 41 plates 
with illustrations and tables, royal 8vo, cloth, 12*. 6d. 

Principal Contents : 

Part z. Introduction and the Principles of Geometry. Part a. Land Surveying; com- 
prising General Observations — The Chain— Offsets Surveying by the Chain only — Surveying 
Hilly Ground — To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite — Mining and Town Surveying— Railroad Surveying— Mapping— Division and 
Laying out of Land— Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Simple and Compound Levelling— The Level Book— Parliamentary Plan and Section—* 
Levelling with a Theodolite — Gradients— Wooden Curves — To Lay out a Railway Curve- 
Setting out Widths. Part 4^ Calculating Quantities generally for Estimates — Cuttings and 
Embankments — Tunnels— Brickwork — Ironwork — Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting— The Improved Dumpy Level— Troughton's 
Level — The Prismatic. Compass — Proportional Compass — Box Sextant —Vernier — Panta- 
graph — Merrett's Improved Quadrant — Improved Computation Scale—The Diagonal Scale- 
Straight Edge and Sector. Part 6. Logarithms of Numbers— Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents— Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc, etc., etc 

Saws: the History \ Development^ Action, Classifica- 
tion, and Comparison of Saws of all kinds. By Robert Grimshaw. 
With 220 illustrations, 410, cloth, \2.s. 6d. 

A Supplement to the above; containing additional 

practical matter, more especially relating to the forms of Saw Teeth for 
special material and conditions, and to the behaviour of Saws under 
particular conditions. With 120 illustrations, cloth, gs. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt V. Hoskicer, Royal Danish Engineers. With illustrations, 
second edition, crown 8vo, cloth, 4s. 6d. 

Laying and Repairing Electric Telegraph Cables. By 

Capt V. Hoskicer, Royal Danish Engineers. Crown 8vo, cloth, 
y. 6d. 

A Pocket-Book 0/ Practical Rules for the Proportions: 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Seventh edition, royal 32rao, roan, 4s. 6d. 

Table of Logarithms of the Natural Number s> from 

1 to 108,000. By Charles Babbage, Esq., M.A. Stereotyped edition, 
royal 8vo, cloth, *js, 6d. 

To ensure the correctness of these Tables of Logarithms, they were compared with Callett's, 
Vega's, Hutton's, Briggs', Gardiner's, and Taylor s Tables of Logarithms, and carefully read 
by nine different readers ; and further, to remove any possibility of an error remaining, the 
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward offered 
to anyone who could find an inaccuracy. So correct are these Tables, that since their first 
issue in 1827 no error has been discovered. 
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The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
F.R.S., Professor of Applied Mechanics in the Royal Naval College* 
8vo, cloth, \2s. 6a*. 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc., with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Second edition, with wood engravings, crown 8vo, cloth, 6x. 

Contents : 

On Lathes— Turning Tools— Turning Wood— Drilling— -Screw Cutting— Miscellaneous 
Apparatus and Processes—Turning Particular Fotms— Staining— PolisJiing-^piiuung Metals 
— Materials— Ornamental Turning, etc 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates, demy 8vo, cloth, Js. 6d. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown 
8vo, cloth, dr. 6d. 

Contents : 

Definitions of Words and Terms used in Watchwork — Tools — Time — Historical Sum- 
alary— On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc.— Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
up— The Verge— The Horizontal— The Duplex— The Lever — The Chronometer—Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes; — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 
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oni Engineers' and Contractors Illustrated Book 
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of Prices of Machines, Tools, Ironwork, and Contractors* Material; 
and Engineers' Directory. Third edition, 4to, cloth, 6>. 



Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of ' A Handbook of the Differ- 
ential Calculus/ etc. Second edition, crown 8vo, cloth, zs. 6d. 

Contents : 

Symbols and the Signs of Operation — The Equation and the Unknown Quantity — 
Positive and Negative Quantities — Multiplication— Involution — Exponents — Negative Expo- 
nents — Roots, and the Lse of Exponents as Logarithms — Logarithms — Tables of Logarithms 
and Proportionate Parts— Transformation of System of Logarithms — Common iJses of 
Common Logarithms— -Compound Multiplication and the Bi n o mi al Theorem— Division, 
Fractions, and Ratio— Continued Proportion— The Series and the Summation of the Series — 
Limit of Series— Square and Cube Roots— Equations— List of Formulas, etc. 
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JUST PUBLISHED. 

In super-royal 8ro, xi68 pp., with 9400 illustrations, in 3 Divisions, cloth, price 13*. 6d. 

each ; or 1 vol., cloth, 2/. ; or half-morocco, 9/. 8*. 

A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING, 

Edited by ERNEST SPON, Memb. Soc. Engineers. 

The success which has attended the publication of ' SppNS' Dictionary of 
Engineering ' has encouraged the Publishers to use every effort tending to 
keep the work up to the standard of existing professional knowledge. As the 
Book has now been some years before the public without addition or revision, 
there are many subjects of importance which, of necessity, are either not 
included in its pages, or have been treated somewhat less fully than their 
present importance demands. . With the object, therefore, of remedying these 
omissions, this Supplement is now being issued. Each subject in it is treated 
in a thoroughly comprehensive way ; but, of course, without repeating the 
information already included in the body of the work. 
The new matter comprises articles upon 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Barn Machinery. 

Belts, and Belting. , 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers, 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

Well Sinking. 



NOW COMPLETE. 

With nearly 1500 illustrations, in super-royal 8vo, in 5 Divisions, cloth. 
Divisions I to 4, 131. 6d. each ; Division 5, 17/. 6a*. ; or 2 vols., cloth, £3 I or. 

SPONS' ENCYCLOPEDIA 
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INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following : — 

Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt. Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 5 1 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

PP- 57 ngs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dvestuffs, 16 pp. 
Electro-Metallurgy, 13 

PP- 
Explosives, 22 pp. 33 figs. 

Feathers. 

Fibrous Substances, 92 

pp. 79 figs. 
P'loor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, S pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., 11 figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 1 7 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs.. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp., 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulpnur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp.* 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 



London: E. & F. N. SPON, 16, Charing dross. 

New York : 35, Murray Street. 
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